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Abstract 
The effect of air distribution on the performance of an actual agricultural up -draft biomass gasification stove was 
investigated, and the temperature distribution in gasification stove, gas composition, gas heat value and global energy 
utilization efficiency were measured. Results show that in the present gasification stove the highest temperature 
located at 75mm above bottom and in the range of 950-1100oC. Along the gasifier height from bottom, the content of 
H2, CO and CH4 increased until 250mm and the content of CO2 showed a peak value around 150mm. With the 
increasing in the global air, the furnace temperature, the content of CO and H2 in gas, gas heating value and 
gasification efficiency increased first and then decreased while the content of CO2 and CH4 in gas decreased first. 
Moreover, the air distribution between gasifier and burner was important and there was an optimum distribution ratio. 
With the increasing in the ratio of gasifier air and burner air, the global energy utilization efficiency increased first 
and then decreased, and the optimum ratio was around 1:3 when the flame above burner showed blue and stable. 
Results of dynamic test indicated that the gasified gas composition and energy output achieved stability until 20min 
after ignition. The present work could provide an optimum guide for high-efficiency operating of the agricultural up-
draft biomass gasification stove. 
© 2014 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
Biomass is wide ly regarded as a potential renewable energy resource of “CO2 zero  emission” and is 
especially important in developing countries (often more than 90% in developing countries but 10 -15% 
all around world), and more and more attentions have been focused on bio mass utilization under the 
conditions of global warming and energy shortage [1, 2].  
Now, over 2 billion of the population living in families using biomass to cook every day in the world 
[3], even though the traditional s mall-scale stoves degrades air quality and is thermally inefficient , 
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biomass is still commonly used in the small-scale furnaces, local house hold cooking or warming because 
it is the simplest and cheapest way [4]. 
Many previous studies have been conducted on the improving of furnace performances, and it 
indicated that the efficiency of biomass utilization for cooking could be enhanced by 2-3 t imes or more, 
and the efficiency of the traditional biomass -fired cooking stoves is in the range of 5-20% but the recent 
advanced types could be more than 30%[2, 5, 6]. Recent works [7, 8] on biomass stoves were main ly 
focused on the pollutant emission and the comparison of different kinds of stove indicated that the fan 
stove and the gasifier stove were of low emission on particles and global warming gas[3]. It seems that 
the gasifier stove should be a better way of higher efficiency and low emissions for the small -scale 
biomass utilizat ion. However, there are still many problems in the actual application of b iomass gasifier 
stoves, such as low heat value of gas, poor fuel adaptability and high content of tar. 
In the present study, the effect of air distribution on the performance of an actual agricultural up -draft 
biomass gasification stove was investigated, and the temperature distribution in gasificatio n stove, gas 
composition, gas heat value and global energy utilization efficiency were measured. 
2. Gasification stove and test conditions 
  
(1) temperature controller (2) thermocouple (3) ash outlet (4) gasifier (5) gas sampling (6) tar collector  
(7) value for air distribution (8) gas burner (9) air blower 
Fig. 1. Experimental  system of gasification stove  
The tested gasificat ion stove system was shown in Fig.1, and main ly composed of gasifier section, air 
supplying and distribution section, burner section, gas sampling and temperature measurement section. 
Along the height of gasifier, 6 thermocouples were installed to measure the central temperature on-line at 
50mm, 125mm, 200mm, 275mm, 350mm and 425mm. The product gas was sampled at the outlet of 
gasifier and analyzed by using GC-MS and FTIR. The air blown into the gasifier or the burner could be 
adjusted through the values on the branch pipes. 
Table 1.Proximate and ultimate analysis of straw used in gasificatio stove  
Fuel Proximate analysis  Ultimate analysis Qnet,ad Mad Aad Vad FCad  Cad Had Oad Nad St,ad Clad /MJ·kg-1 
Straw 3.88 6.01 72.1 18.01  43.92 4.47 40.98 0.44 0.3 0.486 14.77 
Straw is the most common biomass or crop waste in China, which  is used in  the present investigation, 
and the fuel properties are listed in Table 1. 
A common method of heating water was adopted to calculate the thermal efficiency (%) and output 
power (kW ) according to the time from ambient temperature to boiling temperature .  Two group tests 
were conducted: (1) all the air was supplied to gasifier and the air to burner was zero  and we investigated 
the effect of air quantity on gasifier; (2) the overall air of air to gasifier and burner is constant and we 
changed the air quantity to the burner. 
3. Results 
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3.1. Temperature distribution and syngas composition in biomass gasifier 
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Fig. 2. Temperature and gas composition  distribution in gasifier furnace  
The distribution of temperature and composition in gasifier is shown  in Fig.2. When it is operated 
stably, along the fu rnace height, the temperature decreases from 1000oC to 300oC, and the content of CO, 
H2 and CH4 is up to 23%, 11% and 5% respectively. 
3.2. Effect of overall air quantity 
0.2 0.4 0.6 0.8 1.0 1.2
5.8
5.9
6.0
6.1
6.2
6.3
6.4
6.5
Air quantity into gasifier / 10-3m3·s-1·kg-1
He
at
 v
al
ue
 o
f g
as
 / 
M
J.
m
-
3
0.2 0.4 0.6 0.8 1.0 1.2
0
5
10
15
20
25
 
G
as
 c
om
po
sit
io
n 
/ %
Air quantity into gasifier / 10-3m3·s-1·kg-1
 H2
 CO
 CO2
 CH4
 O2
 
Fig. 3. Effect of air quantity into gasifier on gas composition and heat value  
Effect of air quantity on gasifier performance is shown in Fig. 3. It indicates there is an optimum value 
of air quantity for the highest heat value of gas.  
3.3. Effect of air distribution between burner and gasifier 
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Fig. 4. Effect of air ratio of burner and gasifier on energy output  Fig. 5 Flames of different air quantity  
Effect of air distribution between burner and gasifier on the system performance is shown in Fig. 4. It 
indicates there is an optimum ratio for the largest energy output and the most stable flame on burner.  
4. Conclusions 
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(1) The temperature and gas composition in gasifier are obtained, along the gasifier height from 
bottom, the content of H2, CO and CH4 increases until 250mm and the content of CO2 shows a peak value 
around 150 mm. Dynamic tests  indicates the gas composition and energy output achieved stability until 
20min after ignition. 
(2) With the increasing in air quantity, the furnace temperature, content of CO and H2 in gas, gas 
heating value and gasification efficiency increases first and then decreases while the content of CO2 and 
CH4 in gas decreased first.  
(3) The air ratio between gasifier and burner is important and there is an optimum rat io 1:3 under 
which the biomass stove is the highest efficiency 36.5% and with the maximum power output 1.8kW. 
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